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THE EFFECT OF BEDREST ON VARIOUS PARAMETERS 

OF PHYSIOLOGICAL FUNCTION 

PART VII. CARDIAC AND VENTILATORY RESPONSE TO THE 

BICYCLE ERGOMETER TEST 

By D. Cardus, M.D., W. A. Spencer, M.D., C. VaIIbona, M.D., 

and F. B. Vogt, M.D. 

ABSTRACT 
6104-72- 

A study on effects of 14 days bedrest on tolerance to physical work was 
carried out on six healthy subiects. Tolerance was tested with the bicycle ergometer. 
Oxygen consumption, C 0 2  production, pulmonary ventilation, breaths per minute, 
frequency of the heart were measured a t  different work loads, and recovery time 
of heart rate after cessation of exercise. Results indicate that changes observed 
after 14 days bedrest i n  respiratory gas exchange, ventilation and mechanical 
efficiency were not significant; heart rate at rest and during exercise was 
significantly higher after 14 days bedrest. Isometric exercises carried out i n  a 
second 14-day bedrest period did not completely prevent the observed changes 
in heart rate. 
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THE EFFECT OF BEDREST ON VARIOUS PARAMETERS 

OF PHYSIOLOGICAL FUNCTION 

PART VII. CARDIAC AND VENTILATORY RESPONSE TO THE 

BICYCLE ERGOMETER TEST 

By D. Cardus, M.D., W. A. Spencer, M.D., C. VaIIbona, M.D., 

and F. B. Vogt, M.D. 

SUMMARY 

A study of 14 days bedrest was carried out on six healthy subjects to study 
the effect of bedrest on the tolerance to physical work as tested by means of the 
bicycle ergometer test. The parameters measured at  different work loads were: 
O2 consumption, C 0 2  production, pulmonary ventilation, number of breaths per 
minute, frequency of the heart beat and recovery time of the heart rate after 
cessation of exercise. The results obtained in  this study indicate that the changes 
observed after 14 days bedrest i n  respiratory gas exchange, pulmonary ventilation 
and mechanical efficiency were not significant; the heart rate at  rest and the 
heart rate response to exercise were significantly higher after 14 days bedrest. A 
program of isometric exercises carried out in  a second 14-day bedrest period did not 
completely prevent the observed changes in heart rate. 

INTRODUCTION 

The effect of bedrest on the tolerance to physical work was tested i n  the 
14-day experiment (Study I I )  by means of the bicycle ergometer test which was per- 
formed before and after Period 1 (bedrest) by three subjects and before and after 
Period 2 (bedrest with isometric exercise) by five subiects. The parameters 
measured at  different work loads were: 0 2  consumption, C 0 2  production, ventila- 
tion, number of breaths per minute, frequency of the heart beat, and the recovery 
time of the heart rate after cessation of exercise. 

METHOD 

The test was carried out with Lanooy's bicycle ergometer. The design of 
this instrument i s  such that variations within a certain range in  the rate of pedalling 
are compensated to result i n  a constant work load. Before starting the test, the 
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subject sat on the bicycle for 2 or 3 minutes and during this time electrodes were 
placed on his chest for the purpose of recording the electrocardiogram, the phono- 
cardiogram and the impedance pneumogram. When the subject appeared to be 
relaxed, the recording of these variables with a direct-writing Physiograph was 
initiated. Then the subject was instructed to start to pedal the bicycle a t  the con- 
stant rate of 60 cycles per minute. During the warming-up period of 3 minutes, the 
subject pedalled the bicycle a t  a work load of 30 watts. A t  the end of the third and 
each successive minute, the work load was increased 10 watts each minute, unti l a 
heart rate of approximately 170 was reached. (The setting of the ergometer at  this 
point i s  called final work load). The heart sounds, the electrocardiogram, and the 
impedance pneumogram were monitored continuously at  rest, during exercise, and 
during 5 minutes of the recovery period. Samples of expired air were collected 
with Douglas bags at  40, 80, and 120 watts. The volume of air expired was meas- 
ured with a wet gas meter and the samples were analyzed for 0 2  and C 0 2  with the 
Scholander apparatus. The number of breaths per minute was obtained from the 
impedance pneumogram. 

M e a s u r e m e n t  o f  t h e  h e a r t  r a t e  r e c o v e r y  t i m e  

1 The recovery time of the heart rate was measured as reported elsewhere. 
A brief description follows. The electrocardiogram was recorded continuously 
throughout the test. The average heart rate at  rest and the average heart rate during 
the last minute of exercise were used to calculate the increment (heart rate a t  
exercise minus heart rate a t  rest), The curve of the instantaneous heart rate ob- 
tained during the recovery phase of exercise was f i t  with a polynomial and the time 
to recover 37 or 63 percent of the incremented heart rate was calculated. (See 
Figure 1 .) To obtain the curve of the instantaneous heart rate the R-R interval of 
each complex of the analog recording of the electrocardiogram was digitized with a 
semi-automatic Benson-Lehner A-D Converter and the data punched into IBM curds. 
A special program for the IBM 1620 computer was written for the polynomial f i t  and 
the calculation of the recovery time. 

RESULTS 

A. R e s u l t s  o b t a i n e d  b e f o r e  a n d  a f t e r  b e d r e s t  i m m o b i l i z a t i o n  
( P e r i o d  1 ) 

The results obtained on the three subjects that were tested before and after 
Period 1 of Study II (14 days bedrest) are summarized in Tables 1, 2, and 3. 
These tables contain values for the heart rate a t  rest, and for ventilation, 0 con- 
sumption, C 0 2  production, respiratory quotient, frequency of breathing, an3 heart 
rate at 40, 80, and 120 watts. The samples of expired air obtained on subject 
A.C.L. were not reliable and the results are not reported here. 
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The values for 0 consumption are lower than those reported in  the litera- 

work load i s  consistently lower and this must be attributed to the calibration of the 
instrument. In the two subjects where comparisons can be established at  the three 
different work levels, the 0 consumption was always a l i t t le  higher after bedrest 

respiratory quotient was lower after bedrest. The ventilation and frequency of 
breathing tended to be higher after bedrest. 

ture for similar work loa cf s. Our coefficient of regression of the 0 2  consumption on 

immobilization. The C 0 2  e i! iminated did not show any consistent change. The 

The heart rate at  rest and during work at 40, 80, and 120 watts was consistently 
higher after the 14-day bedrest i n  a l l  three subjects. 

B. R e s u l t s  o b t a i n e d  b e f o r e  a n d  a f t e r  b e d r e s t  i m m o b i l i z a t i o n  
w i t h  i s o m e t r i c  e x e r c i s e  ( P e r i o d  2 )  

The results obtained before and after the second period are summarized in 
Tables 4, 5, 6, 7, and 8. The measurements were taken on five subjects before 
and after 14 days of bedrest with isometic exercise. 

There were considerable individual differences i n  gas exchange and venti la- 
tion during the bicycle test, but these differences were not significant (See Table 9). 

After the period of bedrest with isometric exercise the resting frequency of 
the heart was higher than before bedrest. The increment of the frequency of the 
heart a t  the three different work levels was smaller than in  the first period (bedrest 
alone). Subject D .C. even showed a lower heart rate after bedrest with isometric 
exercise. 

C. H e a r t  r a t e  r e c o v e r y  t i m e  

The 37 percent recovery time of the heart rate was calculated in  some of 
the subjects and the results are tabulated in Table 10, The first figures indicate the 
time in  seconds and the figures in  parentheses indicate the work load at  which the 
exercise was stopped 

DISCUSS ION 

The results of the bicycle ergometer test obtained in  the f i r s t  period can 
only be compared in  two of the three subjects. 

The oxygen consumption and C 0 2  elimination measured at  40, 80, and 120 
watts during the bicycle ergometer test are lower than those reported in  the litera- 
ture for similar work loads.2,3 Since this i s  a constant observation in our laboratory, 
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T A B L E  10 

VALUES OF HEART FREQUENCY RECOVERY CURVE TO. 37 
(STUDY I I ) 

Subject 

A.C.L. 

D.C. 

c. P. 

A.C. 1 .  

T.G.O. 

M.G.O. 

Pre- 
Period I 

4.6 (200) 

3.4 (170) 

c 

c 

14.6 (160) 

c 

Post- 
Period I 

7.8 (180) 

7.8 (120) 

- 
- 

10.6 (140) 

- 

Pre- 
Period 2 

14.8 (220) 

11.9 (120) 

4.9 (160) 

8.9 (180) 

- 
5.9 (200) 

Post- 
Period 2 

13.7 (220) 

11.7 (140) 

4.4 (160) 

9.2 (160) 

- 
2.5 (150) 

Pre-Period 1 = Pre -Bedrest 
Post-Period 1 = Post-Bedrest 

Pre- Period 2 = Pre- Bedrest with isometric exercise 
Post-Period 2 = Post-Bedresf with isometric exercise 

First figure indicates seconds. Figures i n  parentheses 
indicate work load (watts) a t  which exercise was 
stopped. 



. 
, one must conclude that this i s  due to the calibration of the bicycle ergometer. 

The oxygen and CO2 values obtained after the 14-day bedrest were a l i t t le  higher 
than those obtained before the experiment. These differences are within the error 
of the measurement and for this reason are believed not to be significant. The 
respiratory quotient was always lower after immobilization in the first period. The 
subjects probably hyperventilated when they were tested before immobil ization. 
The ventilation values obtained at  the different work loads were also lower for 
similar work loads than those reported in  the literature and this again indicates that 
the calibration of our bicycle ergometer has a smaller slope. The oxygen utilization 
(ratio 002/0) before Period 1 was lower than before Period 2, but there was no 
difference in the values obtained before and after bedrest immobilization in both 
periods. The fact that it was greater before Period 2 as compared to Period 1 indi- 
cates also that there was a relative hyperventilation when the subjects were sub- 
mitted to the bicycle test for the f i r s t  time. 

As indicated i n  Table 9 the differences observed when comparing the 
results obtained before and after bedrest with isometric exercise were not signifi- 
cantly different for 0 2  consumption , CO2 elimination , respiratory quotient, 
ventilation per minute, and frequency of breathing. 

A consistent finding in  these experiments was a higher heart rate after bed- 
rest immobilization. The average increase of the heart rate a t  rest i n  the f i r s t  
period (bedrest alone) was 11.6 beats per minute, whereas the average increase in 
the second period (bedrest with isometric exercise) was 6.4 beats per minute. Table 
9 indicates that the increase of the heart rate at  work observed after bedrest irnmo- 
bil ization with isometric exercise was significant. This increment of the work heart 
rate was, however, smaller than that observed during the bicycle test of the first 
period (bedrest alone). These findings agree with those of Taylor, et a104,5, who 
in  an experiment carried out on six healthy individuals, 20 to 23 years old, submitted 
to bedrest from 3 to 4 weeks, found a decrease of 17 percent of the volume of the 
heart; a decrease in the maximal oxygen intake of 13 to 22 percent in the two subjects 
on whom this measurement was made; an increase of the resting heart rate of 0.5 beat 
per minute per day bedrest; and an increase of the heart rate during exercise. No 
change was found in the mechanical efficiency of these individuals after immobili- 
zation and this seems to be also the case in our study. Similar observations were 
made by Birkhead et a Io6 and Deitrick et  al.7 The latter observed an average 
increase of 4 beats per minute of the resting pulse rate and no significant changes in  
ventilation at  rest. 

Comparisons of values obtained before and after Period 1 and Period 2 are 
only possible on the two subjects (A,C.L. and D.C.) who were tested i n  a l l  of 
these circumstances. After Period 1 (bedrest alone) subject A.C.L. , an athlete, 
went back into field track training. In comparing the heart rate values obtained 
before and after the two periods, i t  can be observed that after the ambulatory recess 



. 
of 14 days, subject A.C.L. recovered his heart rate at  rest and partly his heart rate 
a t  work and that the program of isometric exercises had no evident effect on the 
heart rate at rest and at work of this subject. 

The same type of analysis with the results obtained on subject D O C .  shows 
that, after the 14-day ambulatory recess, this subject had not recovered the heart 
rate a t  rest nor the heart rate at work. In contrast to subject A.C.L. , the heart 
rate at work of subject D.C. after bedrest immobilization with isometric exercise 
was lower than before bedrest immobilization with isometric exercise 

Subject A.C.L. was in  permanent training to keep himself in good physical 
condition. Subject D.C. was a man with sedentary habits. This difference of 
interest in  their physical condition may explain the "deconditioning" effect of bedrest 
immobilization on subject A.C.L. and the "training" effect of isometric exercises 
on subject DOC.  

The heart rate recovery times (summarized in  Table 10) are di f f icul t  to inter- 
pret because the recovery time varies with the amount of work performed as well as 
the final work load reached by the individual. Since both of these quantities 
varied from one subject to another and in  the same subject in  the two periods, and 
we do not have yet normal values and correction factors for final and total work 
load; our comments here must be necessarily very conservative. The final work 
loads after bedrest were lower than before bedrest. In those cases where the T0.37 
was greater after bedrest in  spite of the final work load being lower, the interpre- 
tation i s  that there was a prolongation of the recovery time. In those cases in which 
the final work load was lower and the To 37 was also lower, one cannot draw any 
conclusion. The results obtained in Period 1 seem to indicate that the recovery 
time was prolonged in subject A.C.L. The results obtained in Period 2 when the 
subjects were submitted to bedrest with isometric exercises seem to be the same 
before and after immobilization, except for subject A.C.I. who had a prolonged 
To. 37 after bedrest immobi I iza tion 

CONCLUSION 

1 . The results obtained in  this study seem to indicate that there were no changes 
in gas exchange, ventilation and mechanical efficiency before and after 
bedrest in Period 1 (bedrest alone) and Period 2 (bedrest with isometric 
exercises) 

2. The resting heart rate was always higher after bedrest i n  Period 1 and Period 2. 

3. The heart rate at  the three different work loads (40, 80, and 120 watts) was 
higher after bedrest immobilization i n  both periods. 

16 
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4. Th recovery time after Period 1 (bedrest alon ) was probably longer than 
normal. The recovery times measured before and after bedrest with isometric 
exercise (Period 2) seemed to be the same for a l l  the subjects except subject 
A.C.I., but the small number of observations does not warrant any firm 
statement i n  this regard. 

5. These findings lead to the conclusion that the most prominent effect of bedrest 
was an increase of the heart rate at rest and an increase of the heart rate 
during exercise. If this i s  interpreted as "cardiovascular deconditioning" 
this "deconditioning" was partially prevented by the isometric exercises. 
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